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(54) Protecting element and method for protecting a circuit 

(57) A protection element (10) protects a battery 
pack (36) from potential faulty conditions in a load (38). 
The protection element (10) includes a switch (12), a 
control FET (14), and three resistors (16, 18, and 22). 
Under normal operating conditions, the switch (12) is 
conductive and the control FET (14) is non-conductive. 
If a short circuit is detected, the control ler( 14) becomes 
conductive and turns off the switch (12). The switch (12) 
remains non-conductive until the load (38) is discon- 
nected from the protection element (10). The protection 
element (10) further includes a temperature sensor (24) 
that turns off the switch (12) at high temperatures and a 
current limiting element (28) that imposes an upper limit 
on the current flowing through the protection element 
(10). Control signals can be applied to the gate elec- 
trodes of the switch (12) and the control FET (14) to 
modulate the current in the protection element (10). 
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Description 

Background of the Invention 

The present invention relates, in general, to protect- 5 
ing a circuit, and more particularly, to protecting a circuit 
from faulty conditions such as short circuit, over-current, 
and over-heating conditions. 

In portable electronic applications, an electronic 
device, e.g., a battery pack is often subjected to physi- 
cal and electrical stresses. Three common and poten- 
tially destructive stresses are short circuits, over- 
currents, and over-heating. A fuse offers protection from 
theses stresses, but the fuse needs to after each activa- 
tion. A temperature dependent resistor having a positive 
temperature coefficient also offers protection from these 
stresses by increasing the resistance of the resistor to 
reduce the current flow as the temperature increases. 
The temperature increase may be caused by short cir- 
cuits, over-currents, or other faulty conditions. However, 
as the resistance of the temperature dependent resistor 
increases, the drainage of the battery power continues 
because the circuit is not completely switched off. More 
complicated temperature sensing circuits either reduce 
the current flow or switch the circuit off when the tem- 
perature exceeds a predetermined value. These types 
of circuits usually reset itself once the temperature is 
below the predetermined value regardless of whether 
the cause of the faulty condition is removed or not. 
Some short circuit protection devices, such as silicon 
control rectifiers (SCRs), switch the circuit off when a 
faulty condition is detected and reset the circuit after 
power is removed from the circuit; others reduce the 
current flow to protect the circuit from the faulty condi- 
tion without switching the circuit off and, therefore, the 
circuit continues to drain the battery. 

Accordingly, it would be advantageous to have a 
protection element that switches the circuit off when a 
short circuit is detected and resets the circuit when the 
fault is removed without disconnecting the power source 
from the circuit. It would be of further advantage for the 
protection element to have the capabilities of limiting the 
current flow in the circuit and. when the temperature is 
too high, switching the circuit off. It is also desirable for 
the protection element to be simple, reliable, easy to 45 
manufacture, inexpensive, light in weight and small in 
size. 

Brief Description of the Drawings 

50 

FIG. 1 illustrates a schematic diagram of a protec- 
tion element in accordance with a first embodiment 
of the present invention; 

FIG. 2 illustrates a schematic diagram of a protec- 
tion element in accordance with a second embodi- ss 
merit of the present invention; 
FIG 3 illustrate a schematic diagram of a bi-direc- 
tional protection element in accordance with a third 
embodiment of the present invention; 



FIG. 4 illustrates a schematic diagram of a protec- 
tion switch in accordance with a fourth embodiment 
of the present invention; 

FIG. 5 illustrates a schematic diagram of a protec- 
tion switch in accordance with a fifth embodiment of 
the present invention; and 
FIG. 6 illustrate a schematic diagram of a bi-direc- 
tional protection switch in accordance with a sixth 
embodiment of the present invention. 

Detailed Description of the Drawings 

Generally, the present invention provides a protec- 
tion element and a method for protecting a circuit from 
stresses. More particularly, the present invention pro- 
vides an active semiconductor element that switches off 
under a short circuit condition and resets itself after the 
removal of the faulty condition. 

FIG. 1 illustrates a schematic diagram of a protec- 
tion element 10 in accordance with a first embodiment 
of the present invention. Protection element 10 protects 
a battery pack 36 from potential faulty conditions in a 
load 38 which drains power from battery pack 36. Pro- 
tection element 10 has a common terminal 20 con- 
nected to a positive terminal of battery pack 36. 
Terminal 20 is also coupled to a positive terminal of load 
38 via a power switch 34. A first terminal 30 of protec- 
tion element 10 is connected to a negative terminal of 
battery pack 36 and a second terminal 40 of protection 
element 10 is connected to a negative terminal of load 
38. Under faulty conditions, protection element 10 
becomes non-conductive between terminal 40 and ter- 
minal 30, resulting in battery pack 36 being isolated 
from load 38. Suitable structures for load 38 include 
passive devices such as, for example, resistors, capaci- 
tors, and inductors, as well as active devices such as, 
for example, transistors. Battery pack 36, which is 
equivalent to a voftage source 35 and an internal resis- 
tor 37 in a series combination, may include a single bat- 
tery, a direct current (DC) power source, or 
combinations thereof. 

Protection element 10 includes a first n-channel 
insulated gate field effect transistor (FET) 12 serving as 
a switch between terminal 30 and terminal 40 and a 
second n-channel insulated gate FET 1 4 which controls 
FET 12. FET 12 has a gate electrode coupled to termi- 
nal 20 via a resistor 16, a source electrode connected to 
terminal 30. and a drain electrode connected to terminal 
40. FET 14 has a gate electrode coupled to the drain 
electrode of FET 12 via a resistor 22, a source electrode 
connected to the source electrode of FET 12, and a 
drain electrode connected to the gate electrode of FET 
12. A resistor 18 couples the drain electrode of FET 12 
to the source electrode of FET 14. When FET 12 is non- 
conductive, thereby isolating battery pack 36 from load 
38, a leakage current flowing through resistor 18 contin- 
ues to drain the battery power. Such a leakage current 
is undesirable. Therefore, it is preferred to select a large 
resistance value, e.g., in the range of mega-ohms, for 
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resistor 18. 

Protection element 10 also includes a temperature 
sensor 24 that comprises two temperature dependent 
resistors 21 and 23, and a FET 25. FET 25 has a source 
electrode connected to the source electrode of FET 12 5 
and a drain electrode connected to the gate electrode of 
FET 12. A gate electrode of FET 25 is coupled to termi- 
nal 20 via resistor 21 and coupled to the source elec- 
trode of FET 25 via resistor 23. Resistor 21 has a 
negative temperature coefficient and resistor 23 has a 10 
positive temperature coefficient. A leakage current flow- 
ing through resistors 21 and 23 drains the power from 
battery pack 36. To minimize such a leakage current, it 
is desirable the total resistance of resistors 21 and 23 to 
be large, e.g., in the range of mega-ohms. It should be is 
noted that the structure of temperature sensor 24 is not 
limited to that illustrated in FIG. 1 . Any temperature sen- 
sor capable of switching FET 12 off when the tempera- 
ture exceeds a predetermined value may be used in 
place of temperature sensor 24. By way of example, 20 
temperature sensor 24 is removed and a control resistor 
having a negative temperature coefficient is inserted 
between the gate and source electrodes of FET 12 to 
implement the function of temperature sensor 24. In this 
example, resistor 16 is selected to have a positive tern- 25 
perature coefficient to improve the temperature sensing 
capability of protection element 10. 

Protection element 10 further includes a current 
limiting element 28 comprised of two FETs 27 and 29, a 
resistor 31 , and an amplifier 33. FET 27 has a source 30 
electrode connected to the source electrode of FET 12 
and a drain electrode connected to the gate electrode of 
FET 12. FET 29 has a gate electrode connected to the 
drain electrode of FET 27, a source electrode coupled 
to the source electrode of FET 27 via sense resistor 31 , 35 
and a drain electrode connected to the drain electrode 
of FET 12. Amplifier 33 has an input terminal connected 
to the source electrode of FET 29 and an output termi- 
nal connected to the gate electrode of FET 27. It should 
be noted that the structure of current limiting element is 40 
not limited to that illustrated in FIG. 1. An element that is 
capable of adjusting the gate-source voltage of FET 12 
in accordance with the source-drain current of FET 12 
may replace current limiting element 28. 

FIG. 1 illustrates protection element 10 as including 45 
five n-channel insulated gate field transistors and, under 
faulty conditions, isolating battery pack 36 from load 38 
by disconnecting their negative terminals. It should be 
understood that this is not intended as a limitation of the 
present invention. FETs 12, 14, 25, 27, and 29 in pro- <so 
tection element 10 may be replaced by bipolar transis- 
tors, insulated gate bipolar transistors, metal 
semiconductor field effect transistors, or the like. When 
interchanging bipolar transistors with field effect transis- 
tors, those skilled in the art are aware that for a field 55 
effect transistor, a gate electrode serves as a control 
electrode of the transistor, and source and drain elec- 
trodes serve as current conducting electrodes; for a 
bipolar transistor, a base electrode serves as a control 



electrode of the transistor, and emitter and collector 
electrodes serve as current conducting electrodes. If 
protection element 10 is used to disconnect the nega- 
tive terminal of battery pack 36 from the negative termi- 
nal of load 38 under faulty conditions, such as in the 
embodiment illustrated in FIG. 1, the five transistors in 
protection element 10 are designed to be either n-chan- 
nel field effect transistors or NPN bipolar transistors. On 
the other hand, if protection elemenMO is used to dis- 
connect the positive terminal of battery pack 36 from the 
positive terminal of load 38 under faulty conditions/the 
five transistors in protection element 10 are designed to 
be either p-channel field effect transistors or PNP bipo- 
lar transistors. 

Under normal operating conditions, a charge path 
from the positive terminal of battery pack 36 through 
resistor 16 to the gate electrode of FET 12 places FET 
12 in a conductive state by raising the gate-source volt- 
age of FET 12 to the output voltage of battery pack 36. 
The voltage across the drain and source electrodes of 
FET 12 is lower than the threshold voltage of FET 14 
and, therefore, FET 14 is non-conductive. FET 12, 
being conductive, completes the current path between 
battery pack 36 and load 38. Resistors 16 and 22 pro- 
tect FETs 12 and 14, respectively, from voltage spikes 
caused by, for example, electrostatic discharge. 

In a condition referred as a hard-short, the two ter- 
minals of load 38 are brought in contact with a very low 
impedance material. In the hard-short condition, the 
voltage across node 20 and node 40 decrease to zero. 
The gate-drain voltage of FET 12 also decreases to 
zero. Therefore, the gate-source voltage of FET 12 is 
equal to drain-source voltage of FET 12. If the drain- 
source voltage of FET 12 is less than its threshold volt- 
age, FET 12 is switched off, thereby isolating battery 
pack 36 from load 38. If a voltage greater than the 
threshold voltage of FET 12 develops across the drain 
and source electrodes of FET 12, the same voltage also 
develops across the gate and source electrodes of FET 
14. FET 14 becomes conductive when the voltage 
across its gate and source electrodes exceeds its 
threshold voltage. FET 14, being conductive, pulls down 
the voltage across the gate and source electrodes of 
FET 12. When the gate-source voltage of FET 12 is less 
than its threshold voltage, FET 12 becomes non-con- 
ductive, thereby isolating battery pack 36 from load 38. 
When the short circuit condition is removed, the charge 
accumulated on the gate electrode of FET 14 dissipates 
through resistor 22 and resistor 18, and FET 14 
becomes non-conductive. The charge path from the 
positive terminal of battery pack 36 through resistor 16 
to the gate electrode of FET 12 raises the voltage 
across the gate and source electrodes of FET 12 to the 
level of the output voltage of battery pack 36, resulting in 
FET 12 becoming conductive and protection element 10 
resetting itself. 

In a condition referred as a soft-short, the imped- 
ance between the two terminals of load 38 is small but 
finite. In the soft-short condition, the low impedance of 
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load 38 causes a large current to flow in battery pack 36 
and load 38. The large current develops a voltage 
across internal resistor 37 in battery pack 36, such that 
the output voltage of battery pack 36 decreases, result- 
ing in a decrease in the voltage across bad 38 and a 
decrease in the voltage across the gate and source 
electrodes of FET 12. In one case. FET 12 becomes 
non-conductive when its gate-source voltage decreases 
below its threshold voltage, thereby isolating battery 
pack 36 from load 38. In another case, the decreased 
gate-source voltage of FET 12 and the large current 
flowing through FET 12 develop a voltage across the 
drain and source electrodes of FET 12. A soft-short trig- 
ger current is def ined as a value of the current in protec- 
tion element 10 when the voltage across the drain and 
source electrodes of FET 12 is equal to the threshold 
voltage of FET 14. When the current in protection ele- 
ment 10 reaches the soft-short trigger current, FET 14 
becomes conductive and switches FET 12 off, thereby 
isolating battery pack 36 from load 38. When toad 38, 
which is in the soft-short condition, is removed, protec- 
tion element 10 resets itself to the normal operating 
state with FET 14 being non-conductive and FET 12 
being conductive. 

By adjusting the threshold voltages of FET 12 and 
FET 14, the short circuit response time and the soft- 
short trigger current of protection element 10 can be 
adjusted. A high threshold voltage for FET 12 and a low 
threshold voltage for FET 14 result in protection element 
10 having a fast short circuit response time and a low 
soft-short trigger current. Resistor 22 and the gate 
capacitance of FET 14 provide a time delay in raising 
the gate-source voltage of FET 14, thereby avoiding 
inadvertent swrtching-off of protection element 10 that 
may be caused by a large capacitance in load 38. 

Temperature sensor 24 senses the temperature of 
protection element 10 and switches FET 12 off if the 
temperature exceeds a predetermined temperature 
value. As the temperature rises, the resistance of resis- 
tor 21 decreases and the resistance of resistor 23 
increases because of their negative and positive tem- 
perature coefficients, respectively. Because resistors 21 
and 23 work as a voltage divider, the voltage across the 
gate and source electrodes of FET 25, which is equal to 
the voltage across resistor 23, rises with the increasing 
temperature. A trigger temperature is defined as a tem- 
perature at which the gate-source voltage of FET 25 
exceeds its threshold voltage, resulting in FET 25 
becoming conductive and switching FET 12 off. The 
voltage across the drain and source electrodes of non- 
conductive FET 12 switches FET 14 on. If the increase 
in temperature is caused by a large current, conductive 
FET 14 keeps FET 12 non-conductive even after the 
temperature drops and FET 25 is switched off. Protec- 
tion element 10 continues to isolate battery pack 36 
from load 38 until the faulty condition is removed. The 
resistance ratio of resistor 21 to resistor 23, the temper- 
ature coefficients of resistors 21 and 23. and the thresh- 
old voltage of FET 25 determine the trigger temperature 



of protection element 10. 

Current limiting element 28 imposes an upper limit 
on a load current flowing through load 38 by adjusting 
the gate-source voltage of FET 12. The load current is 

5 divided between the drain-source currents of FET 12 
and FET 29 according to the drain-source resistance of 
FET 12, the drain-source resistance of FET 29, and the 
resistance of resistor 31. The current flowing through 
the drain and source electrodes of FET 29 develops a 

w sense voltage across resistor 31 . Amplifier 33 amplifies 
the voltage across resistor 31 and transmits the ampli- 
fied voltage to the gate electrode of FET 27. When the 
sense voltage across resistor 31 approaches or 
exceeds a predetermined voltage value, the amplified 

15 voltage approaches or exceeds the threshold voltage of 
FET 27. FET 27 generates a current through resistor 
1 6, thereby developing a voltage across resistor 1 6. The 
voltage across resistor 16 lowers the gate-source volt- 
age of FETs 12 and 29, thereby imposing a limit on the 

20 load current flowing through the drain and source elec- 
trodes of FETs 12 and 29. To increase the efficiency of 
protection element 1 0. it is desirable for the current flow- 
ing through resistor 31 to be as small as possible. A 
small current develops a small voltage across resistor 

25 31. Amplifier 33 amplifies the small voltage across 
resistor 31 and transmits a large voltage signal to the 
gate electrode of FET 27, so that the gate-source volt- 
age of FET 27 approaches or exceeds its threshold volt- 
age when the load current reaches a predetermined 

30 upper limit. 

FIG. 2 illustrates a schematic diagram of a protec- 
tion element 50 in accordance with a second embodi- 
ment of the present invention. Protection element 50 
protects a battery pack 76 from potential faulty condi- 

35 tions in a load 78 during both charging and discharging 
cycles. Protection element 50 has a common terminal 
60 connected to a negative terminal of battery pack 76 
and to a negative terminal of load 78. A first terminal 70 
of protection element 50 is connected to a positive ter- 

40 minal of battery pack 76 and a second terminal 80 of 
protection element 50 is connected to a positive termi- 
nal of load 78 via a power switch 74. Under faulty condi- 
tions, protection element 50 becomes non-conductive 
between terminal 70 and terminal 80, thereby isolating 

45 battery pack 76 from load 78. Suitable structures for 
toad 78 include passive devices such as, for example, 
resistors, capacitors, and inductors, as well as active 
devices such as, for example, transistors. Battery pack 
76, which is equivalent to a voltage source 75 and an 

50 internal resistor 77 in a series combination, may include 
a single battery, a DC power source, or combinations 
thereof. 

Protection element 50 includes a first p-channel 
insulated gate field FET 52 serving as a switch between 
55 terminal 70 and terminal 80 during a discharging cycle, 
a second p-channel insulated gate FET 54 serving as a 
controller of FET 52, and a third p-channel insulated 
gate FET 66 serving as a switch between terminal 80 
and terminal 70 during a charging cycle. FET 52 has a 
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gate electrode coupled to terminal 60 via a resistor 56 
and a source electrode connected to terminal 70. FET 
54 has a gate electrode coupled to a drain electrode of 
FET 52 via a resistor 62, a source electrode connected 
to the source electrode of FET 52, and a drain electrode 5 
connected to the gate electrode of FET 52. A resistor 58 
couples the drain electrode of FET 52 to the source 
electrode of FET 54. FET 66 has a gate electrode cou- 
pled to terminal 60 via a resistor 72, a source electrode 
connected to terminal 80. and a drain electrode con- 10 
nected to the drain electrode of FET 52. The gate elec- 
trodes of FET 52 and FET 66 are coupled to a node 55 
and a node 57, respectively, for receiving control sig- 
nals. A resistor 64 couples the gate electrode of FET 52 
to the source electrode of FET 52. Because a leakage 15 
current flowing through resistor 58 drains the battery 
power of battery pack 76 when protection element 50 is 
switched off, the resistance of resistor 58 is selected to 
be large, e.g., in the range of mega-ohms. Likewise, 
selecting a large total resistance for resistors 56 and 64 20 
reduces the leakage current flowing through them. To 
provide a temperature sensing capability so that protec- 
tion element 50 will switch off at high temperature, resis- 
tor 56 is designed to have a positive temperature 
coefficient and resistor 64 is designed to have a nega- 2 s 
tive temperature coefficient. 

FIG. 2 illustrates protection element 50 as including 
three p-channel insulated gate field transistors and, 
under faulty conditions, isolating battery pack 76 from 
load 78 by disconnecting their positive terminals. It 30 
should be understood that this is not intended as a limi- 
tation of the present invention. FETs 52, 54, and 66 in 
protection element 50 may be replaced by bipolar tran- 
sistors, insulated gate bipolar transistors, metal semi- 
conductor field effect transistors, or the like. If protection 35 
element 50 is used to disconnect the positive terminal of 
battery pack 76 from the positive terminal of load 78 
under faulty conditions, such as in the embodiment illus- 
trated in FIG. 2, the three transistors in protection ele- 
ment 50 are designed to be either p-channel field effect 40 
transistors or PNP bipolar transistors. On the other 
hand, if protection element 50 is used to disconnect the 
negative terminal of battery pack 76 from the negative 
terminal of load 78 under faulty conditions, the three 
transistors in protection element 50 are designed to be 45 
either n-channel field effect transistors or NPN bipolar 
transistors. Furthermore, resistor 64 in protection ele- 
ment 50 can be replaced by a temperature sensor of the 
same structure as temperature sensor 24 shown in FIG. 
1. Protection element 50 can also have current limiting so 
capabilities by including a current limiting element of the 
same structure as current limiting element 28 shown in 
FIG. 1. 

Under normal operating conditions during a dis- 
charging cycle, a charge path from the negative termi- 55 
nal of battery pack 76 through resistor 56 to the gate 
electrode of FET 52 places FET 52 in a conductive state 
and a charge path from the negative terminal of battery 
pack 76 through resistor 72 to the gate electrode of FET 



66 places FET 66 in a conductive state. The voltage 
across the source and drain electrodes of FET 52 is 
lower than an absolute value of the threshold voltage of 
p-channel FET 54 and, therefore, FET 54 is in a non- 
conductive state. FETs 52 and 66, both being conduc- 
tive, complete the current path between battery pack 36 
and load 38. It should be noted that, because of the ori- 
entation of the body diode of FET 66, a current can flow 
though FET 66 from its drain electrode to its source 
electrode even if FET 66 is switched off. Therefore, the 
state of FET 66 is inconsequential for protection ele- 
ment 50 during the discharging cycle. A system proces- 
sor, not shown in FIG. 2, can modulate the load current 
by adjusting a control signal applied to node 55. Resis- 
tors 56, 62, and 72 protect FETs 52, 54, and 66, respec- 
tively, from voltage spikes caused by, for example, 
electrostatic discharge. 

In a hard-short condition during the discharging 
cycle, the voltage across node 80 and node 60 
decrease to zero. The potential at the drain electrode of 
FET 52 decreases, approaching the potential at the 
gate electrode of FET 52. The potential at the source 
electrode of FET 52 also decreases. If the voltage 
across the source and gate electrodes of FET 52 is less 
than an absolute value of the threshold voltage of p- 
channel FET 52, FET 52 becomes non-conductive, 
thereby isolating battery pack 76 from load 78. If a volt- 
age larger than the absolute value of the threshold volt- 
age of p-channel FET 52 develops across the source 
and drain electrodes of FET 52, the same voltage also 
develops across the source and gate electrodes of FET 
54. FET 54 becomes conductive when the voltage 
across its source and gate electrodes is larger than the 
absolute value of its threshold voltage. FET 54, being 
conductive, pulls down the voltage across the source 
and gate electrodes of FET 52. FET 52 becomes non- 
conductive, thereby isolating battery pack 76 from load 
78. Because the source and gate electrodes of FET 66 
are at the same potential in the hard-short, FET 66 is 
also switched off. When the short circuit condition is 
removed, the charge accumulated on the gate electrode 
of FET 54 dissipates through resistor 62 and resistor 58 
and. FET 54 becomes non-conductive. A current flow- 
ing through resistors 64 and 56 develops a voltage 
across the source and gate electrodes of FET 52, 
resulting in FET 52 becoming conductive and protection 
element 50 resetting itself. 

In a soft-short condition, a small impedance 
between the two terminals of load 78 causes a large 
current to flow in battery pack 76 and load 78. The large 
current develops a voltage across internal resistor 77 in 
battery pack 76. so that the output voltage of battery 
pack 76 decreases, resulting in a decrease in the 
source-gate voltage of FET 52. In one case, FET 52 
becomes non-conductive when its gate-source voltage 
is less negative than its threshold voltage, thereby iso- 
lating battery pack 76 from load 78. In another case, the 
decreased source-gate voltage of FET 52 and the large 
current flowing through FET 52 develop a voltage 
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across the source and drain electrodes of FET 52 and 
across the source and gate electrodes of FET 54. When 
the voltage across the source and gate electrodes of 
FET 54 reaches the absolute value of the threshold volt- 
age of p-channel FET 54, a soft-short trigger current of 
protection element 50 is reached and FET 54 becomes 
conductive. FET 54, being conductive, switches FET 52 
off, thereby isolating battery pack 76 from load 78. In the 
soft-short condition. FET 66 may be on or off depending 
on its threshold voltage. When load 78 with the soft- 
short condition is removed, protection element 50 
resets itself to the normal operating state with FET 54 
being non-conductive and FET 52 being conductive. 

By adjusting the threshold voltages of FET 52 and 
FET 54, the short circuit response time and the soft- 
short trigger current of protection element 50 can be 
adjusted. A more negative threshold voltage for FET 52 
and a less negative threshold voltage for FET 54 result 
in protection element 50 having a fast short circuit 
response time and a low soft-short switching-off trigger 
current. The resistance ratio of resistor 56 to resistor 64 
also determines the soft-short trigger current of protec- 
tion element 50. A high resistance ratio results in a low 
soft switching-off trigger current for protection element 
50. Resistor 62 and the gate capacitance of FET 54 pro- 
vide a time delay in lowering the gate-source voltage of 
FET 54, thereby avoiding inadvertent switching-off of 
protection element 50 that may be caused by a large 
capacitance in load 78. 

Resistors 56 and 64 sense the temperature of pro- 
tection element 50 and switch FET 52 off if the temper- 
ature exceeds a predetermined value. As the 
temperature rises, the resistance of resistor 64 
decreases and the resistance of resistor 56 increases 
because of their negative and positive temperature 
coefficients, respectively. Because resistors 56 and 64 
work as a voltage divider, the voltage across the source 
and gate electrodes of FET 52, which is equal to the 
voltage across resistor 64, decreases with the increas- 
ing temperature. When the gate-source voltage of FET 
52 is less negative than its threshold voltage, a trigger 
temperature of protection element 50 is reached and 
FET 52 becomes non-conductive. The voltage across 
the source and drain electrodes of non-conductive FET 
52 switches FET 54 on. If the increase in temperature is 
caused by a large current, conductive FET 54 keeps 
FET 52 non-conductive even after the temperature 
decreases below the predetermined value. Protection 
element 50 continues to isolate battery pack 76 from 
load 78 having the faulty condition until it is removed, ft 
should be noted that the resistance ratio of resistor 56 to 
resistor 64, the temperature coefficients of resistors 56 
and 64, and the threshold voltage of FET 52 determine 
the trigger temperature of protection element 50. 

During a charging cycle, load 78 is replaced by a 
battery charger serving as a power source and battery 
pack 76 becomes a load. "The charging current flows 
into battery pack 76 through its positive terminal. 
Because of the orientation of the body diode of FET 52, 



a current can flow through FET 52 from its drain elec- 
trode to its source electrode even rf FET 52 is switched 
off and, therefore, the state of FET 52 is inconsequential 
for protection element 50 in the charging cycle. While 

5 charging battery pack 76, a system processor, not 
shown in FIG. 2, constantly monitors the voltage level of 
battery pack 76. If an abnormal condition is detected, 
the system processor sends a signal to node 57 to 
switch FET 66 off. Battery pack 76 is isolated from the 

10 battery charger to prevent further charging. Further- 
more, the system processor can modulate the current 
flowing through the battery by adjusting the a control 
signal applied to node 57. 

FIG. 3 illustrates a schematic diagram of a bi-direc- 

15 tional protection element 90 in accordance with a third 
embodiment of the present invention suitable for manu- 
facture using semiconductor process techniques. Pro- 
tection element 90 protects a circuit block 87 from 
potential faulty conditions in a circuit block 97 and pro- 

20 tects circuit block 97 from potential faulty conditions in 
circuit Week 87. Protection element 90 has a common 
terminal 79 connected to positive terminals of circuit 
blocks 87 and 97. A first terminal 88 of protection ele- 
ment 90 is connected to a negative terminal of circuit 

25 block 87 and a second terminal 98 of protection element 
90 is connected to a negative terminal of circuit block 
97. Under faulty conditions, protection element 90 
becomes non-conductive between terminal 88 and ter- 
minal 98, thereby isolating circuit blocks 87 and 97 from 

30 each other. Suitable structures for circuit blocks 87 and 
97 include passive devices such as, for example, resis- 
tors, capacitors, and inductors, as well as active devices 
such as, for example, transistors. 

Protection element 90 includes two n-channel insu- 

35 lated gate FETs 82 and 92 serving as switches between 
terminal 88, and terminal 98 and two n-channel insu- 
lated gate FETs 84 and 94 which control FETs 82 and 
92, respectively. FET 82 has a gate electrode coupled to 
terminal 79 via a resistor 81 , a source electrode con- 

40 nected to terminal 88, and a drain electrode connected 
a drain electrode of FET 92. A gate electrode of FET 92 
is coupled to terminal 79 via a resistor 91. A source 
electrode of FET 92 is connected to terminal 98. FET 84 
has a gate electrode coupled to the drain electrode of 

45 FET 82 via a resistor 85, a source electrode connected 
to the source electrode of FET 82, and a drain electrode 
. connected to the gate electrode of FET 82. FET 94 has 
a gate electrode coupled to the drain electrode of FET 
92 via a resistor 95, a source, electrode connected to the 

so source electrode of FET 92, and a drain electrode con- 
nected to the gate electrode of FET 92. A resistor 83 
couples the drain electrode of FET 82 to the source 
electrode of FET 84. A resistor 93 couples the drain 
electrode of FET 92 to the source electrode of FET 94. 

55 The gate electrodes of FETs 82, 92, 84, and 94 are con- 
nected to nodes 86, 96, 89, and 99, respectively, for 
receiving control signals. To minimize a leakage current 
flowing through resistors 83 and 93 when FETs 82 and 
92 are switched off, resistors 83 and 93 are preferably 
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selected to have large resistance values, e.g.. in the 
range of mega-ohms. 

FIG. 3 illustrates protection element 90 as including 
four n-channel insulated gate field effect transistors and, 
under faulty conditions, isolating circuit blocks 87 and 
97 from each other by disconnecting their negative ter- 
minals. It should be understood that this is not intended 
as a limitation of the present invention. FETs 82, 84, 92, 
and 94 in protection element 90 may be replaced by 
bipolar transistors, insulated gate bipolar transistors, 
metal semiconductor field effect transistors, or the like. 
If protection element 90 is used to disconnect the nega- 
tive terminal of circuit block 87 from the negative termi- 
nal of circuit block 97 under faulty conditions, such as in 
the embodiment illustrated in FIG. 3. the four transistors 
in protection element 90 are designed to be either n- 
channel field effect transistors or NPN bipolar transis- 
tors. On the other hand, if protection element 90 is used 
to disconnect the positive terminal of circuit block 87 
from the positive terminal of circuit block 97 under faulty 
conditions, the four transistors in protection element 90 
are designed to be either p-channel field effect transis- 
tors or PNP bipolar transistors. 

Protection element 90 can include a temperature 
sensor of the same structure as temperature sensor 24 
shown in FIG. 1 or a resistor like resistor 64 in FIG. 2 for 
coupling the gate electrode of FET 82 to the source 
electrode of FET 82. Likewise, the gate and source 
electrodes of FET 92 can be coupled together via a tem- 
perature sensor of the same structure as temperature 
sensor 24 in FIG. 1 or a resistor like resistor 64 in FIG. 
2. 

Protection element 90 can include a current limiting 
element of the same structure, as current limiting ele- 
ment 28 shown in FIG. 1 . If the current limiting element 
is coupled to FET 82 in a configuration similar to that of 
current limiting element 28 coupled to FET 12 in FIG. 1 , 
protection element 90 will have the capability of limiting 
current flowing from terminal 99 to terminal 89. If the 
current limiting element is coupled to FET 92 in a con- 
figuration similar to that of current limiting element 28 
coupled to FET 12 in FIG. 1, protection element 90 will 
have the capability of limiting current flowing from termi- 
nal 89 to terminal 99. For protection element 90 to have 
the capability of limiting current flowing in both direc- 
tions, two current limiting elements are required, one 
coupled to FET 82, and the other coupled to FET 92. 

Under normal operating conditions, a charge path 
from terminal 79 through resistors 81 to the gate elec- 
trode of FET 82 and a charge path from terminal 79 
through resistor 91 to the gate electrode of FET 92 
place FET 82 and 92 in conductive states, respectively. 
The voltages across the drain and source electrodes of 
FET 82 and across the drain and source electrodes of 
FET 92 are lower than the threshold voltages of FET 84 
and FET 94, respectively. Therefore FET 84 and FET 94 
are non-conductive. FETs 82 and 92, both being con- 
ductive, complete the current path between circuit 
blocks 87 and 97. 



Under short circuit conditions, protection element 
90 operates in the same way as protection element 10 
in FIG. 1 and protection element 50 in FIG. 2 during the 
discharging cycle. Because protection element 90 is 
5 symmetric, it terminates current flowing in both direc- 
tions under short circuit conditions. FET 82 is used to 
stop current flowing from terminal 98 to terminal 88, and 
FET 92 is used to stop current flowing from terminal 88 
to terminal 98. 

10 Nodes 86, 96, 89, and 99 offer user controllability of 
protection element 90. A control signal applied to node 
86 is used to terminate or modulate the current flowing 
from terminal 98 to terminal 88. A control signal applied 
to node 89 is used to terminate the current flowing from 

75 terminal 98 to terminal 88. A control signal applied to 
node 96 is used to terminate or modulate the current 
flowing from terminal 88 to terminal 98. A control signal 
applied to node 99 is used to terminate the current flow- 
ing from terminal 98 to terminal 88. 

20 FIG. 4 illustrates a schematic diagram of a short cir- 
cuit protection switch 110 in accordance with a fourth 
embodiment of the present invention. Protection switch 
110 protects a battery pack 136 from potential faulty 
conditions in a load 138. Protection switch 110 has a 

25 common terminal 120 connected to a negative terminal 
of battery pack 136 and to a negative terminal of load 
138. A first current conducting terminal 130 of protec- 
tion switch 110 is connected to a positive terminal of 
battery pack 136 and a second current conducting ter- 

30 minal 140 of protection switch 1 10 is coupled to a posi- 
tive terminal of load 138 via a power switch 134. Under 
faulty conditions,, protection switch 110 becomes non- 
conductive between terminal 130 and terminal 140, 
resulting in battery pack 136 being isolated from load 

35 138. Suitable structures for load 138 include passive 
devices such as. for example, resistors, capacitors, and 
inductors, as well as active devices such as, for exam- 
ple, transistors. Battery pack 136, which is equivalent to 
a voltage source 135 and an internal resistor 137 in a 

40 series combination, may include a single battery, a DC 
power source, or combinations thereof. 

Protection switch . 110 includes a p-channel insu- 
lated gate FET 112 serving as a switch between termi- 
nal 130 and terminal 140, and an n-channel insulated 

45 gate FET 1 1 4 for controlling of FET 1 1 2. FET 1 1 2 has a 
source electrode connected to terminal 130. and a drain 
electrode connected to terminal 140. FET 114 has a 
gate electrode coupled to the drain electrode of FET 
1 12 via a resistor 1 18, a source electrode serving as a 

so control terminal of protection switch 1 1 0 and connected 
to terminal 120, and a drain electrode connected to a 
gate electrode of FET 112. A resistor 116 couples the 
source electrode of FET 112 to the gate electrode of 
FET 1 12. A resistor 122 couples the source electrode of 

55 FET 112 to the drain electrode of FET 112. A control 
resistor 124 has a first electrode connected to the gate 
electrode of FET 114 and a second electrode con- 
nected to the source electrode of FET 114. A current 
flowing through resistor 116 and a current flowing 
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through resistors 1 18 and 124 do not flow through load 
138 and, therefore, are considered as leakage currents. 
To minimize the leakage currents, resistors 116, 118, 
and 124 are preferably selected to have large resistance 
values, e.g., in the range of mega-ohms. It is also pre- 5 
ferred to select a large resistance value for resistor 122 
because a leakage current flowing through resistor 1 22, 
resistor 118, and resistor 124 continues to drain battery 
power when protection switch 110 is off. To provide a 
temperature sensing capability so that protection ele- 10 
ment 50 will switch off at high temperatures, resistor 1 18 
is designed to have a positive temperature coefficient 
and resistor 124 is designed to have a negative temper- 
ature coefficient. 

FIG. 4 illustrates protection switch 1 10 as including 15 
p-channel FET 112 and n-channel FET 114. FIG. 4 fur- 
ther illustrates protection switch 110 as, under faulty 
conditions, isolating battery pack 136 from load 138 by 
disconnecting their positive terminals. It should be 
understood that this is not intended as a limitation of the 20 
present invention. FETs 112 and 114 in protection 
switch 1 10 may be replaced by bipolar transistors, insu- 
lated gate bipolar transistors, metal semiconductor field 
effect transistors, or the like. If protection switch 110 is 
used to disconnect the positive terminal of battery pack 25 
136 from the positive terminal of load 138 under faulty 
conditions, such as in the embodiment illustrated in FIG. 
4, FET 112 is designed to be either a p-channel field 
effect transistor or a PNP bipolar transistor and FET 1 1 4 
is designed to be either an n-channel field effect transis- 30 
tor or an NPN bipolar transistor. On the other hand, if 
protection switch 1 1 0 is used to disconnect the negative 
terminal of battery pack 136 from the negative terminal 
of load 138 under faulty conditions, FET 112 is 
designed to be either an n-channel field effect transistor 35 
or an NPN bipolar transistor and FET 1 1 4 is designed to 
be either a p-channel field effect transistor or a PNP 
bipolar transistor. 

Under normal operating conditions, in a very short 
interval, e.g.. in the range of micro-seconds, after turn- 40 
ing on power switch 134, a charge path from terminal 
130 through resistor 122 and resistor 118 to the gate 
electrode of FET 114 places FET 114 in a conductive 
state. A current flowing through the drain and source 
electrodes of FET 11 4 develops a voltage across resis- 45 
tor 1 1 6 and switches on FET 1 1 2. Protection switch 1 1 0 
becomes conductive between terminal 130 and. termi- 
nal 140. When FET 112 is conductive, a portion of the 
load current of load 138 flows through FET 1 12 and the 
remaining portion of the load current flows through so 
resistor 122. Because the resistance between its source 
and drain electrodes is much smaller than that of resis- 
tor 122, the portion of the load current flowing through 
resistor 122 is insignificant. 

In a hard-short condition, the potential at the gate 55 
electrode of FET 1 14 is pulled down to the same poten- 
tial as the negative terminal of battery pack 136, thereby 
rendering FET 114 non-conductive. A charge path from 
terminal 130 through resistor 1 16 to the gate electrode 



of FET 1 12 raises the potential at the gate electrode of 
FET 12 to the same potential as the source electrode of 
FET 112. FET 112 becomes non-conductive and iso- 
lates battery pack 136 from load 138. When the short 
circuit condition is removed, a charge path through 
resistor 1 18 to the gate electrode of FET 1 14 raises the 
potential at the gate electrode of FET 114. FET 114 
becomes conductive and switches on FET 1 12 by pull- 
ing down the potential at the gate electrode of FET 112, 
resulting in protection switch 1 10 resetting itself. 

In a soft-short condition, the low impedance 
between the positive and negative terminals of load 138 
causes a large current flowing in battery pack 136 and 
load 138. The large current develops a voltage across 
internal resistor 137 in battery pack 136 and decreases 
the output voltage of battery pack 136. resulting in a 
decrease in the voltage across resistors 118 and 124. 
Resistor 118 and resistor 124 form a voltage divider. A 
soft-short trigger current is defined as a current in pro- 
tection switch 1 1 0 when the gate-source voltage of FET 
114, which is equal to the voltage across resistor 124, is 
equal to the threshold voltage of FET 114. When the 
current in protection switch 100 reaches or exceeds the 
soft-short trigger current FET 114 becomes non-con- 
ductive and switches FET 112 off, resulting in battery 
pack 136 being isolated from load 138. When load 138 
having the soft-short condition is removed, protection 
switch 110 resets itself to the normal operating state 
with both FETs 112 and being conductive. 

By adjusting the resistance ratio of resistor 118 to 
resistor 124 and the threshold voltage of FET 1 14, the 
short circuit response time and soft-short trigger current 
of protection switch 1 10 can be adjusted. A high resist- 
ance ratio of resistor 118 to resistor 124 and a high 
threshold voltage for FET 1 14 result in protection switch 
1 10 having a fast short circuit response time and a low - 
soft-short trigger current. Resistor .118 and the gate 
capacitance of FET 1 14 provide a time delay in raising 
the gate-source voltage of FET 114, thereby avoiding 
inadvertent switching-off of protection switch 110 that 
may be caused by a large capacitance in load 138. 

Resistors 118 and 124 sense the temperature of 
protection switch 1 1 0 and switch FET 1 1 2 off if the tem- 
perature exceeds a predetermined value. As the tem- 
perature rises, the resistance of resistor 118 increases 
and the resistance of resistor 124 decreases because of 
their positive and negative temperature coefficients, 
respectively. Because resistors 1 18 and 124 work as a 
voltage divider, the voltage across the gate and source 
electrodes of FET 114, which is equal to the voltage 
across resistor 124, decreases with an increasing tem- 
perature. When the gate-source voltage of FET 114 is 
lower than its threshold voltage, a trigger temperature of 
protection switch 1 10 is reached and FET 1 14 becomes 
non-conductive and switches FET 1 12 off. It should be 
noted that the resistance ratio of resistor 1 18 to resistor 
124, the temperature coefficients of resistors 118 and 
124, and the threshold voltage of FET 114 determine 
the trigger temperature of protection switch 110. 
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FIG. 5 illustrates a schematic diagram of a protec- 
tion switch 1 50 in accordance with a fifth embodiment of 
the present invention. Protection switch 150 protects a 
battery pack 176 from potential faulty conditions in a 
load 1 78 during both charging and discharging cycles. 5 
Protection switch 150 has a common terminal 160 con- 
nected to a negative terminal of battery pack 1 76 and to 
a negative terminal of load 178. A first terminal 170 of 
protection switch 150 is connected to a positive terminal 
of battery pack 176 and a second terminal 180 of pro- w 
tection switch 1 50 is connected to a positive terminal of 
load 178 via a power switch 174. Under faulty condi- 
tions, protection switch 150 becomes non-conductive 
between terminal 170 and terminal 180, thereby isolat- 
ing battery pack 1 76 from load 1 78. Suitable structures 75 
for load 178 include passive devices such as, for exam- 
ple, resistors, capacitors, and inductors, as well as 
active devices such as, for example, transistors. Battery 
pack 176, which is equivalent to a voltage source 175 
and an internal resistor 177 in a series combination, 20 
may include a single battery, a DC power source, or 
combinations thereof. 

Protection switch 150 includes a first p-channel 
insulated FET 1 52 serving as a switch between terminal 
1 70 and terminal 180 during a discharging cycle, a first 25 
n-channel FET 154 for controlling FET 152, a second p- 
channel FET 153 serving as a switch between terminal 
180 and terminal 170 during a charging cycle, and a 
second n-channel FET 1 55 for controlling FET 1 53. FET 
152 has a source electrode connected to terminal 170, 30 
a drain electrode connected to a drain electrode of FET 
1 53, and a gate electrode connected to a drain elec- 
trode of. FET 154. FET 154 has a gate electrode cou- 
pled to the drain electrode of FET 152 via a resistor 158 
and a source electrode connected to terminal 160. A 35 
resistor 156 couples the source electrode of FET 152 to 
the gate electrode of FET 152. A resistor 162 couples 
the source electrode of FET 152 to the drain electrode 
of FET 1 52. FET 153 has a source electrode connected 
to terminal 180 and a gate electrode connected to a 40 
drain electrode of FET 155. FET 155 has a gate elec- 
trode coupled to the drain electrode of FET 153 via a 
resistor 159 and a source electrode connected to the 
source electrode of FET 154. A resistor 157 couples the 
source electrode of FET 153 to the gate electrode of 45 
FET 153. The gate electrodes of FET 154 and FET 155 
are coupled to a node 165 and a node 167, respectively, 
for receiving control signals. A current flowing through 
resistor 156 and a current flowing through resistor 157 
do not flow through load 178 and, therefore, are consid- so 
ered as leakage currents. To minimize the leakage cur- 
rents, resistors 156 and 157 are preferably selected to 
have large resistance values, e.g., in the range of mega- 
ohms. It is also preferred to select a large resistance 
value for resistor 1 62 because a current flowing through 55 
resistor 162 continues to drain the battery power when 
protection switch 150 is off. To provide a soft-short 
switching-off capability, protection switch 150 may 
include a control resistor (not shown) coupled between 



the gate electrode and FET 154 to the source electrode 
of FET 154. To further provide a temperature sensing 
capability so that protection switch 150 will switch off at 
high temperatures during a discharging cycle, resistor 
158 is designed to have a positive temperature coeffi- 
cient and the control resistor coupled between the gate 
and source electrodes of FET 1 54 is designed to have a 
negative temperature coefficient. To provide a tempera- 
ture sensing capabilities so that protection switch 150 
will switching-off at high temperatures during a charging 
cycle, resistor 159 may be designed to have a positive 
temperature coefficient and a resistor (not shown) hav- 
ing a negative temperature coefficient may be included 
in protection switch 150 and coupled between the gate 
electrode of FET 155 and the source electrode of FET 
155. 

FIG. 5 illustrates protection switch 150 as including 
FETs 152 and 153 as two p-channel insulated gate field 
transistors, and FETs 154 and 155 as two n-channel 
insulated gate field effect transistors. FIG. 5 further illus- 
trates protection switch 150 as, under faulty conditions, 
isolating battery pack 1 76 from load 1 78 by disconnect- 
ing their positive terminals. It should be understood that 
this is not intended as a limitation of the present inven- 
tion. FETs 152, 153, 154, and 155 in protection switch 
150 may be replaced by bipolar transistors, insulated 
gate bipolar transistors, metal semiconductor field effect 
transistors, or the like. If protection switch 150 is used to 
disconnect the positive terminal of battery pack 176 
from the positive terminal of load 1 78 under faulty con- 
ditions, such as in the embodiment illustrated in FIG. 5, 
FETs 152 and 153 are designed to be either p-channel 
field effect transistors or PNP bipolar transistors, and 
FETs 154 and 155 are designed to be either n-channel 
field effect transistors or NPN bipolar transistors. On the 
other hand, if protection switch 150 is used to discon- 
nect the negative terminal of battery pack 176 from the 
negative terminal of load 178 under faulty conditions, 
FETs 152 and 153 are designed to be either n-channel 
field effect transistors or NPN bipolar transistors, and 
FETs 154 and 155 are designed to be either p-channel 
field effect transistors or PNP bipolar transistors. 

Under normal operating conditions during a dis- 
charging cycle, in a very short interval, e.g., in the range 
of microseconds, after turning on power switch 1 74, a 
charge path from terminal 170 through resistors 162 
and 158 to the gate electrode of FET 154 places FET 
154 in a conductive state. A current flowing through the 
drain and source electrodes of FET 1 54 develops a volt- 
age across resistor 156 and switches on FET 152. 
When FET 152 is conductive, the resistance between its 
source and drain electrodes is much smaller than that of 
resistor 162 and, therefore, the current through resistor 
162 is insignificant. Similarly, a charge path from termi- 
nal 170, through resistor 162, the drain-source elec- 
trode of FET 1 53, and resistor 1 59, to the gate electrode 
of FET 155 places FET 155 in a conductive state, 
thereby switching on FET 153. FETs 152 and 153. both 
being conductive, complete the current path between 
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battery pack 176 and load 178. It should be noted that, 
because of the orientation of the body diode of FET 
153, a current can flow though FET 153 from its drain 
electrode to its source electrode even if FET 1 53 is 
switched off. Therefore, the state of FET 1 53 is inconse- 5 
quential for protection switch 150 during the discharging 
cycle. Resistor 158 and the gate capacitance of FET 
154 provide a delay time in raising the gate-source volt- 
age of FET 154. thereby avoiding inadvertent switching- 
off of protection switch 150 that may be caused by a ro 
large capacitance in load 178. A system processor, not 
shown in FIG. 5, can modulate the load current by 
adjusting a control signal applied to node 165. 

In a hard-short condition during a discharging 
cycle, the potential at the gate electrode of FET 154 15 
decreases. FET 154 becomes non-conductive when the 
voltage across its gate and source electrodes is lower 
than its threshold voltage. A charge path from terminal 
170 through resistor 156 to the gate electrode of FET 

152 raises the potential at the gate electrode of FET 152 20 
to the same potential as that at the source electrode of 
FET 152. FET 152 becomes non-conductive and iso- 
lates battery pack 1 76 from load 1 78. Similarly, FET 1 55 
and FET 153 are also switched off. When the short cir- 
cuit condition is removed, a charge path to the gate 25 
electrode of FET 154 and a charge path to the gate 
electrode of FET 155 switch on FETs 154 and 155, 
respectively. FETs 154 and 155, both being conductive, 
switch on FETs 152 and 153, respectively, thereby 
resetting protection switch 150 to its normal operating 30 
conditions. 

During a charging cycle, load 178 is. replaced by a 
battery charger serving as a power source and battery 
pack 176 becomes a load. The charging current flows 
into battery pack 176 through its positive terminal. 3S 
Because of the orientation of the body diode of FET 
152, a current can flow through FET 152 from its drain 
electrode to its source electrode even if FET 152 is 
switched off and, therefore, the state of FET 152 is 
inconsequential for protection switch 150 in the charg- 40 
ing cycle. While charging battery pack 176, a system 
processor, not shown in FIG. 5. constantly monitors the 
voltage level of battery pack 176. If an abnormal condi- 
tion is detected, the system processor sends a signal to 
node 1 67 to switch FET 1 55 off . A charge path form ter- 45 
minal 180 through resistor 157 to the gate electrode of 
FET raises the potential at the gate electrode of FET 

1 53 to that at the source electrode of FET 1 53, resulting 
in FET 153 becoming non-conductive and battery pack 
176 being isolated from the battery charger to prevent so 
further charging. Furthermore, the system processor 
can modulate the current flowing through the battery by 
adjusting the a control signal applied to node 167. 

FIG. 6 illustrates a schematic diagram of a bi-direc- 
tional protection switch 190 in accordance with a sixth 55 
embodiment of the present invention. Protection switch 
190 protects a circuit block 198 from potential faulty 
conditions in a circuit block 199 and protects circuit 
block 199 from potential faulty conditions in circuit block 



198. Protection switch 190 has a common terminal 191 
connected to negative terminals of circuit blocks 198 
and 199. A first terminal 194 of protection switch 190 is 
connected to a positive terminal of circuit block 198 and 
a second terminal 195 of protection switch 190 is con- 
nected to a positive terminal of circuit block 199. Under 
faulty conditions, protection switch 190 becomes non- 
conductive between terminal 194 and terminal 195, 
thereby isolating circuit blocks 198 and 199 from each 
other. Suitable structures for circuit blocks 198 and 199 
include passive devices such as, for example, resistors, 
capacitors, and inductors, as well as active devices 
such as, for example, transistors. 

Protection switch 190 includes two switching ele- 
ments, each switching element having a structure simi- 
lar to protection switch 1 10 in FIG. 4. As shown in FIG. 
6, two p-channel insulated gate FETs 182 and 183 
serve as switches between terminal 194 and terminal 
195, and two n-channel insulated gate FETs 184 and 
185 control FETs 182 and 183, respectively. FET 182 
has a source electrode connected to terminal 194 and a 
drain electrode connected to a drain electrode of FET 
183. A source electrode of FET 183 is connected to ter- 
minal 1 95. FET 1 84 has a gate electrode coupled to the 
drain electrode of FET 182 via a resistor 188, a source 
electrode connected to terminal 191, and a drain elec- 
trode connected to a gate electrode of FET 182. FET 
185 has a gate electrode coupled to the drain electrode 
of FET 183 via a resistor 189, a source electrode con- 
nected to terminal 1 91 , and a drain electrode connected 
to a gate electrode of FET 183. A resistor 186 couples 
the source electrode of FET 182 to the gate electrode of 
FET 182. A resistor 187 couples the source electrode of 
FET 183 to the gate electrode of FET 183. A resistor 
192 couples the source electrode of FET 182 to the 
drain electrode of FET 182. A resistor 193 couples the 
source electrode of FET 183 to the drain electrode of 
FET 183. The gate electrodes of FETs 184 and 185 are 
connected to nodes 196 and 197, respectively, for 
receiving control signals. 

FIG. 6 illustrates protection switch 190 as including 
FETs 182 and 183 as p-channel insulated gate field 
transistors and FETs 184 and 185 as n-channel insu- . 
lated gate field effect transistors. FIG. 6 further illus- 
trates protection switch 190 as, under faulty conditions, 
isolating circuit blocks 198 and 199 from each other by 
disconnecting their positive terminals. It should be 
understood that this is not intended as a limitation of the 
present invention. FETs 182, 183, 184, and 185 in pro- 
tection switch 190 may be replaced by bipolar transis- 
tors, insulated gate bipolar transistors, metal 
semiconductor field effect transistors, or the like. If pro- 
tection switch 190 is used to disconnect the positive ter- 
minals of circuit block 198 from the positive terminal of 
circuit block 199 under faulty conditions, such as in the 
embodiment illustrated in FIG. 6, FETs 182 and 183 are 
designed to be either p-channel field effect transistors 
or PNP bipolar transistors and FETs 184 and 185 are 
designed to be either n-channel field effect transistors 
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or NPN bipolar transistors. On the other hand, if protec- 
tion switch 190 is used to disconnect the negative termi- 
nals of circuit block 198 from the negative terminal of 
circuit block 199 under faulty conditions, FETs 182 and 
1 83 are designed to be either n-channel field effect tran- 5 
sistors or NPN bipolar transistors and FETs 184 and 

185 are designed to be either p-channel field effect tran- 
sistors or PNP bipolar transistors. To provide a soft- 
short switching-off capability, protection switch 1 90 can 
include a first control resistor (not shown) for coupling 10 
the gate electrode of FET 184 to the source electrode of 
FET 184 and a second control resistor (not shown) for 
coupling the gate electrode of FET 185 to the source 
electrode of FET 185. For temperature sensing capabil- 
ities, the two control resistors are designed to have neg- ? 5 
ative temperature coefficients, and resistors 188 and 
189 are designed to have positive temperature coeffi- 
cients. 

Under normal operating conditions, a charge path 
from terminal 194 through resistor 1 88 to the gate elec- . 20 
trode of FET 184 places FET 184 in a conductive state. 
A current flowing through the drain and source elec- 
trodes of FET 184 develops a voltage across resistor 

186 and switches on FET 182. While FET 182 is con- 
ductive, the current flowing through resistor 1 92 is insig- 25 
nif icant due to the large resistance value of resistor 192. 
Likewise, a charge path from terminal 195 through 
resistor 189 to the gate electrode of FET 185 places 
FET 185 in a conductive state. A current flowing through 

the drain and source electrodes of FET 185 develops a 30 
voltage across resistor 187 and switches on FET 183. 
While FET 183 is conductive, the current flowing 
through resistor 193 is insignificant due to the large 
resistance value of resistor 193. FETs 182 and 183, 
both being conductive, compete the current path 35 
between circuit blocks 198 and 199. 

Under short circuit conditions, protection switch 1 90 
operates in the same way as protection switch 110 in 
FIG. 4 and protection switch 150 in FIG. 5 during the 
discharging cycle. Because protection switch 190 is 40 
symmetric, it terminates current flowing in both direc- 
tions under snort circuit conditions. FET 182 is used to 
stop the current that flows from terminal 1 94 to terminal 
195, and FET 183 is used to stop the current that flows 
from terminal 1 95 to terminal 1 94. 45 

Nodes 196 and 197 offer user controllability of pro- 
tection switch 190. A control signal applied to node 196 
is used to terminate the current flowing from terminal 
1 94 to terminal 1 95 and a control signal applied to node 
1 97 is used to terminate the current f bwing from termi- so 
nal 195 to terminal 194. 

By now it should be appreciated that a protection 
element and a method for protecting a circuit from 
stresses have been provided. The protection element in 
accordance with the present invention disconnects the ss 
power source from the load if a short circuit condition is 
detected The protection element resets itself when the 
load with faulty conditions is removed or disconnected 
by opening the power switch. Furthermore, the protec- 
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tion element of the present invention has over-tempera- 
ture switching-off and current limiting capabilities, and 
user controllability. The protection element is suitable 
for manufacture using standard semiconductor process- 
ing techniques. Accordingly it offers a simple, reliable, 
and inexpensive method for protecting a power source 
from potential faulty conditions 

Claims 

1. A protection element (10) having a first terminal 
(30), a second terminal (40), and a common termi- 
nal (20), comprising a first switch having a first cur- 
rent conducting terminal coupled to the first 
terminal, a second current conducting terminal cou- 
pled to the second terminal, and a control terminal 
coupled to the common terminal, wherein the first 
switch includes: 

a first transistor ( 1 2) having a control electrode, 
a first current conducting electrode, and a sec- 
ond current conducting electrode, wherein the 
first current conducting electrode serves as the 
first current conducting terminal of the first 
switch and the second current conducting elec- 
trode serves as the second current conducting 
terminal of the first switch; 
a second transistor (14) having a control elec- 
trode, a first current conducting electrode, and 
a second current conducting electrode, 
wherein the first current conducting electrode is 
coupled to the first current conducting elec- 
trode of the first transistor (12) and the second 
current conducting electrode is coupled to the 
control electrode of the first transistor (12); 
a first resistor (16) having a first electrode and 
a second electrode, wherein the first electrode 
is coupled to the control terminal of the first 
switch and the second electrode is coupled to 
the control electrode of the first transistor (12); 
a second resistor (18) having a first electrode 
and a second electrode, wherein the first elec- 
trode is coupled to the second current conduct- 
ing electrode of the first transistor (12) and the 
second electrode is coupled to the first current 
conducting electrode of the second transistor 
(14); and 

a third resistor (22) having a first electrode and 
a second electrode, wherein the first electrode 
is coupled to the first electrode of the second 
resistor (18) and the second electrode is cou- 
pled to the control electrode of the second tran- 
sistor (14). 

2. The protection element (1 0) of claim 1 , wherein the 
first switch further includes a temperature sensor 
(24) having a first electrode and a second elec- 
trode, wherein the first electrode is coupled to the 
first current conducting electrode of the first transis- 
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tor (12) and the second electrode is coupled to the 
control electrode of the f irst transistor (12). 

3. The protection element (1 0) of claim 2, wherein the 
temperature sensor (24) includes: 5 

a third transistor (25) having a control elec- 
trode, a first current conducting electrode, and 
a second current conducting electrode, 
wherein the first current conducting electrode io 
serves as the first electrode of the temperature 
sensor (24) and the second current conducting 
electrode serves as the second electrode of the 
temperature sensor (24); 

a first control resistor (21 ) with a negative tern- is 
perature coefficient having a first electrode and 
a second electrode, wherein the first electrode 
is coupled to the control terminal (20) of the 
first switch (10) and the second electrode is 
coupled to the control electrode of the third 20 
transistor (25); and 

a second control resistor (23) with a positive 
temperature coefficient having a first electrode 
and a second electrode, wherein the first elec- 
trode is coupled to the control electrode of the 2s 
third transistor (25) and the second electrode is 
coupled to the first current conducting elec- 
trode of the third transistor (25). 

4. The protection element (10) of claim 1 , wherein the 30 
first switch further includes: 

a fourth transistor (27) having a control elec- 
trode, a first current conducting electrode, and 
a second current conducting electrode, 35 
wherein the first current conducting electrode is 
coupled to the first current conducting elec- 
trode of the first transistor (12) and the second 
current conducting electrode is coupled to the 
control electrode of the first transistor (1 2); 40 
a fifth transistor (29) having a control electrode, 
a first current conducting electrode, and a sec- 
ond current conducting electrode, wherein the 
control electrode is coupled to the control elec- 
trode of the first transistor (1 2), the first current 45 
conducting electrode is coupled to the control 
electrode of the fourth transistor (27), and the 
second current conducting electrode is coupled 
to the second current conducting electrode of 
the first transistor (12); and so 
a sense resistor (31) having a first electrode 
and a second electrode, wherein the first elec- 
trode is coupled to first current conducting elec- 
trode of the fifth transistor (29) and the second 
electrode is coupled to the first current con- 55 
ducting electrode of the fourth transistor (27). 

5. The protection element of claim 1 , wherein the sec- 
ond current conducting terminal of the first switch is 



coupled to the second terminal of the protection 
element via a second switch, wherein the second 
switch has a control terminal coupled to the com- 
mon terminal of the protection element a first cur- 
rent conducting terminal coupled to the second 
terminal of the protection element, and a second 
current conducting terminal coupled to the second 
current conducting terminal of the first switch. 

6. A protection switch (110) having a first terminal 
(130), a second terminal (140), and a common ter- 
minal (120), comprising a first switching element 
having a first current conducting terminal coupled to 
the first terminal, a second current conducting ter- 
minal coupled to the second terminal, and a control 
terminal coupled to the common terminal, wherein 
the first switching element includes: 

a first transistor (112) of a first type having a 
control electrode, a first current conducting 
electrode, and a second current conducting 
electrode, wherein the first current conducting 
electrode serves as the first current conducting 
terminal of the first switching element and the 
second current conducting electrode serves as 
the second current conducting terminal of the 
first switching element; 

a second transistor (1 14) of a second type hav- 
ing a control electrode, a first current conduct- 
ing electrode, and a second current conducting 
electrode, wherein the first current conducting 
electrode is coupled to the control terminal of 
the first switching element and the second cur- 
rent conducting electrode is coupled to the con- 
trol electrode of the first transistor (112); 
a first resistor (116) having a first electrode and 
a second electrode, wherein the first electrode 
is coupled to the first current conducting elec- 
trode of the first transistor (112) and the second 
electrode is coupled to the control electrode of 
the first transistor (112); 
a second resistor (118) having a first electrode 
and a second electrode, wherein the first elec- 
trode is coupled to the second current conduct- 
ing electrode of the first transistor (112) and the 
second electrode is coupled to the control elec- 
trode of the second transistor (114); and 
a third resistor (122) having a first electrode 
and a second electrode, wherein the first elec- 
trode is coupled to the first current conducting 
electrode of the first transistor (112) and the 
second electrode is coupled to the second cur- 
rent conducting electrode of the first transistor 
(112). 

7. The protection switch (1 10) of claim 6, wherein the 
first switching element further includes a control 
resistor (124) having a first electrode and a second 
electrode, wherein the first electrode is coupled to 
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the control electrode of the second transistor (114) 
and to the first current conducting electrode of the 
second transistor (114). 

8. The protection switch (1 1 0) of claim 7, wherein the 5 
second resistor (118) has a positive temperature 
coefficient and the control resistor (124) has a neg- 
ative temperature coefficient. 

9. The protection switch of claim 6, wherein the sec- w 
ond current conducting terminal of the first switch- 
ing element is coupled to the second terminal of the 
protection switch via a second switching element, 
wherein the second switching element has a control 
terminal coupled to the common terminal of the pro- is 
tection switch, a first current conducting terminal 
coupled to the second terminal of the protection 
switch, and a second current conducting terminal 
coupled to the second current conducting terminal 

of the first switching element. 20 

10. A method for protecting a circuit, comprising the 
steps of: 

providing the circuit comprising a first circuit 25 
block and a second circuit block, wherein the 
first circuit block has a first terminal and a sec- 
ond terminal, and the second circuit block has 
a first terminal and a second terminal; 
coupling the first terminal of the first circuit 30 
block to the first terminal of the second circuit 
block; 

providing a first switch having a first current 
conducting electrode coupled to the second 
terminal of the first circuit block and a second 35 
current conducting electrode coupled to the 
. second terminal of the first circuit block; 
placing the first switch in a conductive state; 
passing a current from the first terminal of the 
first circuit block to the second terminal of the 40 
first circuit block via the second circuit block 
and the first switch; 

directly sensing a voltage across the first termi- 
nal and the second terminal of the second cir- 
cuit block; and 45 
placing the first switch in a non-conductive 
state to terminate the current in response to the 
voltage being less than a predetermined volt- 
age value. 
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(54) Protecting element and method for protecting a circuit 

(57) A protection element (10) protects a battery 
pack (36) from potential faulty conditions in a load (38). 
The protection element (10) includes a switch (12), a 
control FET (14), and three resistors (16, 18. and 22). 
Under normal operating conditions, the switch (12) is 
conductive and the control FET (14) is non-conductive. 
If a short circuit is detected, the controlled 14) becomes 
conductive and turns off the switch (1 2). The switch (12) 
remains non-conductive until the load (38) is discon- 
nected from the protection element (10). The protection 
element (10) further includes a temperature sensor (24) 
that turns off the switch (12) at high temperatures and a 
current limiting element (28) that imposes an upper limit 
on the current flowing through the protection element 
(10). Control signals can be applied to the gate elec- 
trodes of the switch (12) and the control FET (14) to 
modulate the current in the protection element (10). 
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